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(54) SILICON SINGLE CRYSTAL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
pulling up a crystal by which crystal originated 
particles(COP) and microdefects to be a cause of 
producing the COP are reduced in the crystal 
produced by the Czochralski method. 
SOLUTION: This method for producing a silicon 
single crystal comprises annealing a crystal in a 
temperature region of the melting point to >1,300°C 
for >400 min and pulling up the crystal (method 1), 
regulating the time for passing a temperature region 
of >1,350°C to <60 min in addition to the method 1 
(method 2), carrying out the pulling up of the crystal 
under conditions so as to provide >0.13 ratio (v/G) of 
the pulling up speed (v: mm/min) to the crystal 
temperature gradient in the solidification interface (G: °C/mm) in addition to the method 1 
(method 3), annealing the crystal at <1.0°C/min crystal cooling rate in a temperature region 
of 1,100 to 1 ,000°C in addition to the method 1 or 2 (method 4) and quenching the crystal 
at >1.0°C/min crystal cooling rate in the temperature region of 1,100 to 1,000°C in addition 
to the method 1 , 2 or 3 (method 5). 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon single crystal characterized by carrying out 
crystal raising growth whose time amount which passes through the inside of a 1300-degree C 
crystal temperature field from the melting point is 400 minutes or more in manufacture of the silicon 
single crystal by the Czochrlski method. 

[Claim 2] The manufacture approach of the silicon single crystal characterized by carrying out 
crystal raising growth whose pass time in the crystal temperature field whose pass time of a 1350- 
degree C crystal temperature field is less than 60 minutes and 1350 degrees C - 1300 degrees C is 
400 minutes or more from the melting point in manufacture of the silicon single crystal by the 
Czochrlski method. 

[Claim 3] The manufacture approach of the silicon single crystal characterized by pulling up in 
manufacture of the silicon single crystal by the Czochrlski method on the conditions from which the 
crystal temperature gradient G (degree C/mm) in the pull-up rate v (a part for mm/) and a 
coagulation interface is set to v/G>0. 13, and carrying out crystal raising growth whose pass time in a 
crystal temperature field 1300 degrees C or more is 400 minutes or more. 
[Claim 4] The claim (1) to which the cooling rate of a 1 100 to 1000 degrees C temperature 
requirement is characterized by 1.0-degree-C being the following by /, and the crystal manufacture 
approach given in (2). 

[Claim 5] The claim (1) to which the cooling rate of a 1 100 to 1000 degrees C temperature 
requirement is characterized by 1.0-degree-C being above by /, and the crystal manufacture approach 
given in (2). 

[Claim 6] The silicon single crystal with which it is the silicon single crystal manufactured by the 
approach of of a claim (1) (2) (3) thru/or (5), and big COP 0.13 micrometers or more does not exist. 
[Claim 7] The silicon single crystal whose surface density of COP 0.1 1 micrometers or more is two 
or less [ 0. 1 //cm ] in the wafer by which mirror plane processing was cut down and carried out from 
the silicon single join manufactured by the approach of of a claim (1) (2) (3) (4) thru/or (5). 
[Claim 8] The silicon single crystal whose volume density of the minute crystal defect which forms 
COP in the silicon single join manufactured by the approach of of a claim (1) (2) (3) (4) thru/or (5) is 
three or less [5x105 //cm ]. 

[Claim 9] The silicon single crystal whose minute crystal defect volume which is the silicon single 
crystal manufactured by the approach of of a claim (1) (2) (3) (4) thru/or (5), and forms COP is three 
or less [ 101 2nm ] to the unit volume (lcm3) of a host phase. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cg^ 3/28/2006 



JP,1 1-043397,A [DETAILED DESCRIPTION] 



Page 1 of 10 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the silicon single crystal manufactured by the 
Czochrlski method (the following, CZ process) which reduced the crystal defect sharply, and its 
manufacturing method. 
[0002] 

[Description of the Prior Art] Since CZ silicon single crystal has the description which was [ be / 
crystal reinforcement / high ] excellent, it is widely used as an ingredient for LSI from before. 
Manufacturing-technology development of CZ silicon single crystal which is excellent in device 
properties, such as improvement in dependability of gate oxide and PN-junction leak reduction, and 
the defect in separation between components cannot produce easily was desired with increase of an 
MOS device degree of integration in recent years. Especially COP is the minute pit which exists in 
the silicon wafer front face after mirror polishing, it was shown clearly recently that the minute 
defect used as the cause of generating this pit itself and pit caused [ of the device property described 
previously or separation between components ] a defect, and it was anxious for that reduction. 
[0003] After washing a wafer front face after polish in a silicon wafer processing process with the 
mixed liquor (hydrogen peroxide: ammonia : water = 1:1:5) of aqueous ammonia and hydrogen 
peroxide solution (called SC-1 washing), the pit resulting from a minute defect forms in a wafer 
front face, and if it measures at a laser particle counter, it will be detected [ COP / (Crystal 
Originated Particle) ] as particle with intrinsic particle. It is referred to as COP in order to distinguish 
such a pit from intrinsic particle. About this reduction approach, that reduction technique was 
conventionally known with regards to improvement in the oxide-film pressure-proofing in CZ silicon 
single crystal manufacture. The approach of holding to a 1200 degrees C - 1420 degrees C 
temperature field for 1 hour or more, and carrying out crystal pulling to it in JP,6-279188,A, is 
indicated. In JP, 8-2993, A It is made for the time amount which passes the pyrosphere to 1200 
degrees C to become 200 minutes or more. In the approach and JP,8- 157293, A which the time 
amount which passes through a 1200 degrees C - 1000 degrees C low -temperature region makes 150 
or less minutes The approach of making time amount which makes time amount which passes the 
pyrosphere to 1200 degrees C less than 200 minutes, and passes through a 1200 degrees C - 1000 
degrees C low-temperature region 130 or less minutes is indicated. 

[0004] In these conventional techniques this invention persons The various crystals which changed 
the cooling conditions of the crystal under pull-up extremely are raised. Again With the experiment 
which holds a crystal in a raising furnace, only only not only in COP observation of the wafer 
immediately after polish / washing How to repeat washing and observation, to remove deed 
genuineness particle, and to evaluate the volume density of only the defect of a COP generating 
cause, And it is based on the observation experiment which evaluates the total amount of the point 
defect which constitutes the minute defect which measures simultaneously not only the volume 
density of the minute defect of a COP generating cause but size with an infrared laser interference 
method, and causes COP generating. There is no effectiveness in reduction of the minute defect COP 
and leading to COP generating at maintenance of a 1200 degrees C - 1300 degrees C temperature 
field. Furthermore, the crystal pass time in the temperature field also found out that remarkable 
reduction of the minute defect of COP and a COP generating cause was not seen in about 60 - 200 
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minutes. 

[0005] Therefore, the crystal pulling approach of reducing the minute defect which becomes COP 
and a COP generating cause notably in the crystal under pull-up, furthermore, R-OSF (a Ringlikely 
distributed Oxidation-induced-Stacking-Faults:ring-like distribution stacking fault — ) which 
occupies most which is circulating in the present commercial scene Bibliography : It is related with 
the crystal with which magazine "application physics" 57 volume, 1541 pages, the crystal that a field 
did not exist in the field in 1988, but has disappeared in the edge section, or the R-OSF field has not 
disappeared centering on a wafer. The optimal approach of reducing extremely the minute defect 
COP and leading to COP generating did not exist. Moreover, in the crystal which a R-OSF field does 
not exist in a wafer side, and has not disappeared centering on a wafer, the crystal which reduced 
extremely the minute defect COP and leading to COP generating did not exist, either. 
[0006] 

[Problem(s) to be Solved by the Invention] In the crystal with which this invention is manufactured 
by the Czochrlski method (the following, CZ process) The crystal pulling approach of reducing the 
minute defect which becomes COP and a COP generating cause notably, Furthermore, it is related 
with the crystal with which the crystal or R-OSF field which occupies most which is circulating in 
the present commercial scene, and where a R-OSF field did not exist in the field, but has disappeared 
in the edge section has not disappeared centering on a wafer. It is related with the silicon single 
crystal which reduced extremely the minute defect COP and leading to COP generating, and its 
manufacturing method. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this invention, 
about the crystal under pull-up, crystal temperature is a field 1300 degrees C or more, and crystal 
pulling growth is performed on the conditions for 400 minutes or more held (approach 1). 
Furthermore, in order to remove a R-OSF field to a crystal edge outside and to reduce the minute 
defect of COP and a COP generating cause, pass time of a 1350-degree C crystal temperature field is 
made into less than 60 minutes from the melting point, and crystal pulling which holds a 1350 
degrees C - 1300 degrees C crystal temperature field 400 minutes or more is performed (approach 2). 
Or in order to remove a R-OSF field to a crystal edge outside and to reduce the minute defect of 
COP and a COP generating cause, when setting a pull-up rate to v (a part for mm/) and considering 
as the crystal temperature gradient G in a coagulation interface (degree C/mm), crystal raising 
growth is carried out so that the time amount which pulls up on the conditions used as v/G>0.13, and 
passes through the area within crystal temperature 1300 degrees C or more may become 400 minutes 
or more (approach 3). furthermore — or (approach 1) (approach 2) — or (approach 3) — in addition, in 
order to make still smaller minute defect density of COP and a COP generating cause, the cooling 
rate of a 1 100 to 1000 degrees C temperature requirement is made into the following by 1.0-degree- 
C/, and is annealed (approach 4). moreover — or (approach 1) (approach 2) — or (approach 3) — in 
addition, in order to make still smaller COP and minute defective size of a COP generating cause, 
the cooling rate of a 1 100 to 1000 degrees C temperature requirement is considered as the above by 
1.0-degree-C/, and is quenched (approach 5). 

[0008] The silicon single crystal with which big COP 0.13 micrometers or more does not exist is 
obtained by manufacturing by the approach of this invention approach 12 3 thru/or 5. Moreover, in 
the wafer front face which cut and processed [ mirror plane ] it from the silicon single crystal, the 
silicon single crystal whose COP 0.1 1 micrometers or more is two or less [0.1 //cm ] can be 
manufactured by the approach of this invention approach 1 2 3 4 thru/or 5. According to the 
manufacture approach of 1-5 of this invention, the volume density of the minute crystal defect which 
forms COP which exists in a silicon single crystal is three or less 5x1 05 -/cm. Moreover, the silicon 
single crystal whose point defect concentration which constitutes the minute defect concerned is 
three or less [ 1012nm ] to the unit volume (lcm3) of a host phase and which usually reduced single 
or more figures minute defect density and point defect concentration compared with the crystal 
conventionally is obtained. Device properties, such as the withstand voltage property of an insulating 
oxide film and a P/N leak property, are also excellent. 
[0009] 

[Embodiment of the Invention] this invention persons raise the various crystals which changed the 
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cooling conditions of the crystal under pull-up extremely. With the experiment which holds a crystal 
in a raising furnace, only moreover, only not only in COP observation of the wafer immediately after 
polish / washing How to repeat washing and observation, to remove deed genuineness particle, and 
to evaluate the volume density of only the defect of a COP generating cause, And it is based on the 
observation experiment which evaluates the total amount of the point defect which constitutes the 
minute defect which measures simultaneously not only the volume density of the minute defect of a 
COP generating cause but size with an infrared laser interference method, and causes COP 
generating. It discovered that the following relation between formation of the minute defect COP and 
leading to COP generating and crystal cooling conditions was. That is, when the generating behavior 
of the minute defect which pulls up the crystal under pull-up, is the middle, pulls up, slows down a 
rate to a idle state extremely mostly, holds a crystal in a raising furnace, and becomes COP and a 
COP generating cause was investigated, a result as shown in drawing 1 was brought. The volume 
density of the minute defect leading to [ which was measured with the infrared laser interference 
method ] COP generating is shown in an X-ray topogrph photograph to show the surface density of 
COP 0.1 1 micrometers or more in drawing 1 (a), and show a R-OSF field in drawing 1 (b), and 
drawing 1 (c) as a function of the retention temperature of the crystal under pull-up, respectively. 
The minute defect COP and leading to COP generating of a reduction ****** field is 1300 degrees 
C or more in a zero level and volume density at surface density at three or less 104-/cm so that 
clearly from drawing 1 (a) and (c). Moreover, in the X-ray topogrph photograph of drawing 1 (b), it 
is clear from the melting point that the part's which had the 1350-degree C temperature field held the 
R-OSF field has closed and disappeared in the crystal center section. Therefore, in order to reduce 
the minute defect used as the cause of generating COP or COP, 1300 degrees C or more need to be 
cooled slowly, but if 1350 degrees C or more are annealed too much, a R-OSF field comes to exist in 
a crystal center side. Moreover, it is admitted that volume density decreases in a 1 100 degrees C - 
1000 degrees C temperature requirement in drawing 1 (c), and a temporary reduction with a COP 
surface density of 0.1 1 micrometers or more and a temporary increment are accepted in this 
temperature requirement in drawing 1 (a). Since the location where the COP surface density of 0.1 1 
micrometers or more decreases temporarily is in agreement with the location which big COP 0.16 
micrometers or more increases, in this temperature field, it turns out that the minute defect leading to 
COP generating grows. Especially a big minute defect grows by the elevated-temperature side more, 
and a small minute defect grows by the low temperature side. Consequently, it is thought that a 
temporary increment in COP 0.1 1 micrometers or more is the field where the small COP generating 
cause minute defect grew. It is possible to control growth of the minute defect which causes COP 
generating from this result by raising the cooling velocity of this temperature field, and it is possible 
to reduce minute defect density further by annealing this temperature field. 
[0010] Although the above was as a result of [ by maintenance of the pull-up crystal in a raising 
furnace ] minute defective observation, when it investigated the annealing effectiveness of the 
pyrosphere at the time of carrying out crystal growth with constant speed, without having actually 
pulled up in the raising furnace, and slowing down and holding an inner crystal, it obtained the result 
shown in drawing 2 . That is, drawing 2 (a) shows change of the number of COP 0.1 1 micrometers 
or more to the residence time of the crystal which passes through a temperature field 1300 degrees C 
or more, and drawing 2 R> 2 (b) shows the result corresponding to total amount change of the whole 
minute defective product leading to [ over the residence time of the crystal which passes through a 
temperature field 1300 degrees C or more ] COP generating, i.e., the point defect which constitutes 
the minute defect concerned. In this crystal, a R-OSF field is located in the crystal edge section, and 
does not exist in a central field. COP is a zero level mostly and by passing through a temperature 
field 1300 degrees C or more 400 minutes or more shows that the total amount of the point defect 
which is the minute defective component made to generate COP decreases a figure single [ about ] 
so that clearly from drawing 2 R> 2. 

[001 1] Although elevated-temperature annealing is required in order to control formation of the 
minute defect COP and leading to COP generating from the above result, the annealing time amount 
which an effective temperature requirement is 1300 degrees C or more, and is needed is 400 minutes 
or more. 

[0012] Furthermore, it turned out that the manufacture conditions of a crystal that the crystal or R- 
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OSF field which occupies most which is circulating in the present commercial scene and where a R- 
OSF field did not exist in the field, but has disappeared in the edge section has not disappeared 
centering on a wafer are the following two conditions. That is, if annealing temperature is made into 
1350 degrees C or more, in connection with annealing time amount, a R-OSF field will come to 
enter into a core side from the crystal edge section. In this invention, annealing time amount 1350 
degrees C or more became clear [ that less than 60 minutes is desirable ] as conditions which do not 
vanish a R-OSF field in the crystal center section, as another conditions on which a R-OSF field does 
not disappear in the crystal center section « the ratio of the crystal temperature gradient (Gidegree 
C/mm) of a pull-up rate (v:mm/) and a coagulation interface — it turned out that what is necessary is 
just to perform crystal pulling on the conditions to which v/G becomes larger than 0. 13. the ratio of 
the crystal temperature gradient (Grdegree C/mm) of this pull-up rate (v:mm/) and a coagulation 
interface ~ although it was indicated by v/G at JP,7-257991,A that the generating location of a R- 
OSF field changes, in this invention, it turned out that the crystal pulling conditions on which a R- 
OSF field does not disappear in the crystal center section are conditions to which v/G becomes larger 
than 0.13. 

[0013] About the crystal cooling conditions by the side of the low temperature for COP defective 
control, with regards to growth of the minute defect from which the effectiveness causes COP 
generating in JP,8-2993,A, growth of the minute defect concerned is controlled for the one where 
cooling velocity is larger, and although growth progresses by making cooling velocity small, it is 
indicated that a consistency can be reduced. However, in this invention, when performing enough 
elevated-temperature annealing of 1300 degrees C or more, it was found out for the first time that the 
minute defect from which the quenching rate in a field becomes COP and a COP generating cause 
even a minute in about 1.0 degrees C /whenever [ 1 100 degrees C - 1000 degrees C low- 
temperature ] can fully be reduced. Furthermore, when fully performing elevated-temperature 
annealing of 1300 degrees C or more, in the field, the minute defect which becomes a big COP 
generating cause by [ 1.0 degree-C ] cooling slowly with the following cooling velocity by /did not 
grow, but bringing about much more consistency fall rather was also found out for the first time 
whenever [ 1 100 degrees C - 1000 degrees C low- temperature ]. Moreover, it cannot be 
overemphasized by combining quenching (a part for 1.0-degree-C/[ A cooling rate ] above) of a field 
whenever [ this invention sufficient elevated-temperature annealing / of 1300 degrees C or more /-, 
and 1 100 degrees C - 1000 degrees C low- temperature ] that the depressor effect of COP generating 
by reduction of COP size becomes remarkable. The effectiveness of a 1 100 degrees C - 1000 degrees 
C temperature field Are effective in reducing the minute defect density of COP and a COP 
generating cause by promoting condensation of the point defect which is the component of the 
minute defect which becomes COP and a COP generating cause when a cooling rate is annealing of 
the following by 1.0-degree-C/. When a cooling rate is the above quenching by 1.0-degree-C/, it is 
effective in reducing the size of the minute defect of COP and a COP generating cause by controlling 
condensation of the point defect which is the component of the minute defect which becomes COP 
and a COP generating cause conversely. 

[0014] By this invention approach 1, formation of the minute defect concerned is reduced by 
diffusing the atomic hole which is the main point defect which constitutes the minute defect COP 
and leading to COP generating from annealing the crystal which installs a temperature control 
function in a crystal raising furnace, and can be pulled up in a temperature field 1300 degrees C or 
more 400 minutes or more to the method of the outside of a crystal, and decreasing it. 
[0015] By this invention approach 2, in addition to an operation of an approach 1, in order to make it 
a R-OSF field not enter into a crystal center side, time amount which passes through a temperature 
field 1350 degrees C or more is made into less than 60 minutes. 

[0016] this invention approach 3 — an operation of an approach 1 — in order [ in addition, ] to make 
it a R-OSF field not enter into a crystal center side - pulling up - the ratio of the crystal temperature 
gradient (G:degree C/mm) of a rate (v:mm/) and a coagulation interface — v/G performs crystal 
pulling on the conditions which become larger than 0.13. 

[0017] this invention approach 4 — an operation of an approach 1, an approach 2, or an approach 3 — 
in addition, in order to reduce the minute defect density which becomes COP and a COP generating 
cause further, a 1 100 to 1000 degrees C temperature field is annealed by the following by crystal 
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cooling rate/of 1.0 degrees C. 

[0018] this invention approach 5 — an operation of an approach 1, an approach 2, or an approach 3 ~ 
in addition, in order to reduce the minute defective size which becomes COP and a COP generating 
cause further, a 1 100 to 1000 degrees C temperature field is quenched above by crystal cooling 
rate/of 1 .0 degrees C. 
[0019] 

[Example] Although the example of this invention is given and explained below, it cannot be 
overemphasized that this invention is not what is restricted by the publication of these examples. 
[0020] In advance of an example, the evaluation approach of the existence of a R-OSF field and the 
device property evaluation approach are explained to the minute defect and pan used as COP of a 
silicon single crystal and the COP generating cause which were manufactured by this invention 
below. 

[0021] After COP carried out wafer processing of the manufactured crystal and washed it by SC-1 
penetrant remover of ammonia:hydrogen-peroxide:water =1:1:5 after mirror polishing, it measured 
the number of particle at the laser particle counter LS 6000. Furthermore, in order to remove intrinsic 
particle and to evaluate the volume density of only the defect of a COP generating cause, SC-1 
washing and particle measurement were repeated 10 times, and it asked for volume density from the 
increment. The minute defect leading to COP generating measured a consistency and size with the 
measuring device (OPP:Oxygen Precipitate Profiler) by the infrared laser interference method. In 
order to generate OSF, about the existence of formation of a R-OSF field, it observed with the X-ray 
topogrph after 90-minute heat treatment in the oxidizing atmosphere at 1 100 degrees C. 
[0022] Oxide-film pressure-proofing was performed by investigating the electrical property of the 
gate oxide (insulating oxide film) which is 25.0nm silicon dioxide film which formed the MOS diode 
on the silicon wafer sample which performed mirror plane processing, and was formed in the 1000- 
degree C desiccation oxygen ambient atmosphere. The average electric field impressed to gate oxide 
in case the current density which flows through an oxide film is 1 micro A/cm2 were measured. 
Especially when the average electric field are 8.0 or more MV/cm, it is the field where the crystal 
defect which is called an intrinsic dielectric-breakdown field (C mode field), and causes proof- 
pressure degradation does not exist. Therefore, in proof-pressure characterization, a silicon wafer 
with many rates to the total of the number of the MOS diode (it is in a C mode field) which average 
electric field destroy by cm in 8.0MV /or more is the crystal which was excellent in the proof- 
pressure property. 

[0023] Although an example and the example of a comparison are described below, the 
specifications of the crystal pulled up and raised are a conduction type:p mold (boron dope), the 
object (diameter of 160mm) for diameter of crystal:6 inches, resistivity: 10 ohm-cm, oxygen 
density :8. 5 - 9.5x1017 atoms/cm3 (it computes using the oxygen density conversion factor by Japan 
Electronic Industry Development Association), and carbon concentration^ 1. 0x1016 atoms/cm3 (it 
computes using the carbon concentration conversion factor by Japan Electronic Industry 
Development Association). 

[0024] the volume density of the minute defect which causes [ which was measured with COP 
measured at the laser particle counter LS 6000 of the wafer in an example 5 and the example 1 of a 
comparison, and the example 2 of a comparison, and an infrared laser interference method (OPP) ] 
COP generating from the example 1 of this invention in Table 1, and oxide-film pressure-proofing — 
the conclusion of the measurement result of each R-OSF f s existence location is shown further. 
[0025] The silicon single crystal manufacturing installation used for example 1 this invention is not 
limited especially if usually used for the silicon single crystal manufacture by the Czochrlski 
method, and by this example, the manufacturing installation as shown in drawing 3 was used for it. 
The description of this Czochrlski method silicon single crystal manufacturing installation installed 
the temperature controller, in order to form annealing ****** which crystal cooling temperature and 
a rate pattern go through a temperature region 1300 degrees C or more 400 minutes or more in 
raising conditions like [ in drawing 6 (example 1) ], and a crystal raising furnace, and a crystal 
passes. Heat insulation heat insulating material, heating heaters, etc., such as a graphite installed so 
that the silicon single crystal ingot by which raising training is carried out might be surrounded as a 
temperature controller, are effective. 
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[0026] This equipment was used and the silicon single crystal was raised on condition that the 
following. The volume density [ of the minute defect leading to / which was measured with COP and 
the infrared laser interference method (OPP) of a wafer which were started from this single crystal 
ingot / COP generating ], oxide-film pressure-proofing, and R-OSF's existence location was shown 
in Table 1. In these silicon wafers, COP 0.13 micrometers or more is a zero level, and even if it 
includes small COP 0.1 1 micrometers or more, it is reduced about single figure compared with the 
conventional technique by about ten pieces (0.05 piece/cm2). Moreover, the volume density of the 
minute defect COP and leading to COP generating is too reduced a single figure in three or less 
1.0xl05-/cm. A proof-pressure property is also very good as a result. In this crystal, the R-OSF field 
is contained from the edge inside a little for the effectiveness of annealing of 1350 degrees C or 
more. 

[0027] The silicon single crystal was raised on condition that the following using the equipment of 
example 2 example 1 . Although the pass time of crystal cooling temperature and raising conditions 
[ like / in drawing 6 (example 2) ] whose rate pattern is, i.e., a temperature field 1350 degrees C or 
more, was less than 60 minutes, it raised the silicon single crystal on conditions which go through a 
1350 degrees C - 1300 degrees C crystal temperature field about 400 minutes, and are cooled slowly. 
The volume density [ of the minute defect leading to / which was measured with COP and the 
infrared laser interference method (OPP) of a wafer which were started from this single crystal 
ingot / COP generating ], oxide-film pressure-proofing, and R-OSF's existence location was shown 
in Table 1. Even if COP 0.13 micrometers or more is a zero level mostly like an example 1 and it 
includes small COP 0.1 1 micrometers or more also in these silicon wafers, compared with the 
conventional technique, it decreases about single figure below by 20 pieces (0.1 piece/cm2). 
Moreover, the volume density of the minute defect COP and leading to COP generating is notably 
reduced on 1.0xl05-/cm3 level. A proof-pressure property is also very good as a result. In this 
crystal, the R-OSF field has disappeared to the method of outside [ edge / a crystal ingot edge or ] 
writing the holding time 1350 degrees C or more as less than 60 minutes. 

[0028] The silicon single crystal was raised on condition that the following using the equipment of 
example 3 example 1. the ratio of the temperature gradient G (degree C/mm) by the side of the 
crystal in the pull-up rate v (a part for mm/), and a coagulation interface — it was made for v/G to 
become larger than 0.13 That is, in this example, the crystal temperature gradient in a coagulation 
interface was about 1.8 degrees C/mm, set the pull-up rate v as a part for 0.6mm/, and carried out 
crystal pulling (v/Gin this case = 0.33). Furthermore, the silicon single crystal was raised on 
conditions which go through the crystal temperature field of 1300-degree-C or more ** about 400 
minutes, and are cooled slowly. The crystal cooling temperature and the rate pattern in this case are 
among drawing 6 (example 3), it pulls up compared with an example 1, and since the rate is higher, 
the annealing time amount in an elevated temperature is short, however, heat insulation of near a 
coagulation interface and warming ~ by changing conditions, a temperature gradient can be made 
still smaller than this example, or it is possible to extend an elevated-temperature field and annealing 
time amount can be lengthened. It is shown in the measurement result of the number of COP of the 
silicon wafer cut down from the single crystal ingot pulled up and raised in this example, the COP 
volume density for which it asked by repeat washing, the minute defect density leading to [ which 
was searched for with the infrared laser interference method (OPP) ] COP generating, and oxide-film 
pressure-proofing, and Table 1. Even if COP 0.13 micrometers or more is a zero level mostly like 
examples 1 and 2 and it includes small COP 0.1 1 micrometers or more also in these silicon wafers, 
compared with the conventional technique, it decreases about single figure below by 20 pieces (0.1 
piece/cm2). Moreover, the volume density of the minute defect COP and leading to COP generating 
is notably reduced on 1.0xl05-/cm3 level. A proof-pressure property is also very good as a result. In 
this crystal, the R-OSF field has disappeared to the method of outside [ edge / crystal ingot ]. 
[0029] In example 4 this example, the manufacturing installation as shown in drawing 4 was used, 
namely, the manufacturing installation shown by the example 1 and drawing 3 — in addition, the 
upper part of the temperature controller shown in drawing 3 in order to also anneal a 1 100 more to 
1000 degrees C low-temperature temperature field with the following cooling rates by 1.0-degree- 
C/— further — an incubation heat insulator and warming — the incubation which consists of heaters, 
or warming — equipment was installed, in addition, drawing 4 — like — new — incubation or 
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warming — even if it does not install equipment — the temperature controller of drawing 3 — a low, 
the upper part, i.e., crystal temperature, side — you may extend . After holding a crystal temperature 
field 1300 degrees C or more 400 minutes or more using such a manufacturing installation, the 1 100 
more to 1000 degrees C temperature field was annealed with the following cooling rates by 1.0- 
degree-C/, and crystal pulling was performed. It is shown in the measurement result of the number of 
COP of the wafer cut down from this silicon single crystal ingot, the COP volume density for which 
it asked by repeat washing, the minute defect density leading to [ which was searched for with the 
infrared laser interference method (OPP) ] COP generating, and oxide-film pressure-proofing, and 
Table 1. In these silicon wafers, small COP 0.1 1 micrometers or more also has [ COP 0.13 
micrometers or more ] the remarkable reduction effectiveness at below ten pieces (0.05 piece/cm2). 
However, it is the description that the increment in some [ of big COP 0.13 micrometers or more ] is 
seen according to the 1 100 to 1000 degrees C annealing effectiveness. Moreover, the volume density 
of the minute defect COP and leading to COP generating is also the lowest on 5.0 to 8.0xl04-/cm3 
level. Consequently, a proof-pressure property is also very good. In this crystal, the R-OSF field has 
disappeared to the method of the outside of a crystal ingot edge or an edge. 

[0030] In example 5 this example, the manufacturing installation as shown in drawing 5 was used, 
namely, the manufacturing installation shown by the example 1 and drawing 3 — in addition, in order 
to raise a cooling rate, the cylindrical cooling system was installed above the temperature controller 
shown in drawing 3 in order to cool a 1 100 more to 1000 degrees C low-temperature temperature 
field with the above cooling rate by 1.0-degree-C/. As a cooling system, a thermally conductive good 
graphite plate with large emissivity and a thermally conductive metal plate are effective, and are 
cooled by the cooling effectiveness by the convective heat transfer by the controlled atmosphere (this 
example argon gas) which carries out cooling of the radiant heat from a crystal, pulls up with the 
cooling system concerned further, and flows between intermediate crystals with the cooling system 
concerned. Forced cooling of the graphite plate and metal plate which are used as the cooling system 
concerned may be carried out using gas or a liquid. After holding a crystal temperature field 1300 
degrees C or more 400 minutes or more using such a manufacturing installation, the 1 100 more to 
1000 degrees C temperature field was cooled with the above cooling rate by 1.0-degree-C/, and 
crystal pulling was performed. It is shown in the measurement result of the number of COP of the 
wafer cut down from this silicon single crystal ingot, the COP volume density for which it asked by 
repeat washing, the minute defect density leading to [ which was searched for with the infrared laser 
interference method (OPP) ] COP generating, and oxide-film pressure-proofing, and Table 1 . In 
these silicon wafers, COP 0.13 micrometers or more is zero, and that of the reduction effectiveness is 
[ small COP 0.1 1 micrometers or more ] remarkable at below ten pieces (0.05 piece/cm2). Moreover, 
the consistency is reduced on 1.0xl05-/cm3 level notably [ the volume density of the minute defect 
COP and leading to COP generating ]. Consequently, a proof-pressure property is also very good. In 
this crystal, the R-OSF field has disappeared to the method of the outside of a crystal ingot edge or 
an edge. 

[0031] The example of the one example comparison of a comparison is an example of the 
conventional technique. The manufacturing installation used in the example 1 shown in drawing 3 
and the same crystal growth equipment were used. However, a temperature controller is installed so 
that crystal cooling temperature and raising conditions [ like / in drawing 6 (example 1 of a 
comparison) ] whose rate pattern is, i.e., the elevated-temperature cooling conditions as [ whose time 
amount from which the time amount held to a temperature field 1300 degrees C or more in a crystal 
raising furnace is held in about 40 minutes at 1200 degrees C or more is also about 80 minutes ], 
may be realized, and it is silicon single crystal pull-up equipment [ as / whose 1200 more degrees C - 
1000 degrees C temperature field pass time is about 80 minutes ]. Heat insulation heat insulating 
material, heating heaters, etc., such as a graphite installed so that the silicon single crystal ingot by 
which raising training is carried out might be surrounded as a temperature controller, are effective. 
However, as compared with an example 1 , it is the description that the annealing crystal die length or 
time amount of an elevated-temperature field is short. The annealing time amount of an elevated- 
temperature field is about 100 or less minutes, and since the crystal cooling pattern of this example 
of a comparison is comparatively short, the temperature controller which controls cooling conditions 
does not necessarily need to be used for it, and it can realize it also by making the rate of crystal 
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growth, i.e., a pull-up rate, into a low speed. 

[0032] The volume density [ of the minute defect leading to / which was measured with COP and the 
infrared laser interference method (OPP) of a wafer which used this pull-up equipment and cut it 
down from the silicon single crystal ingot which carried out crystal growth / COP generating ], 
oxide-film pressure-proofing, and R-OSF's existence location was shown in Table 1. In these silicon 
wafers, the number of it is 200 (1.0 piece/cm2), and when COP 0.13 micrometers or more includes 
small COP 0.1 1 micrometers or more, it is 500-piece (2.5 piece/cm2) extent. Moreover, there is 
volume density of the minute defect COP and leading to COP generating about three 1.0xl06-/cm. 
The rate of surface ratio which destroys a proof-pressure property by the impression electric field of 
8.0 or more MV/cm which are the indexes of the property is about 20%. the consistency of the 
minute defect from which the result of the example of these book comparison is the number of COP 
and a consistency, or the COP generating cause compared with the example of this invention — all 
are very bad. Moreover, oxide-film pressure-proofing is not good, either. 

[0033] In the example of the two example comparison of a comparison, crystal training was carried 
out using the equipment used in the example 1 of a comparison, and the same equipment. However, 
it is the description that the time amount from which the time amount which passes raising 
conditions [ like / in drawing 6 (example 2 of a comparison) ] whose crystal cooling temperature and 
rate pattern of this example of a comparison are, i.e., a temperature field 1300 degrees C or more, is 
held to a temperature field 1200 degrees C or more in about 120 minutes is about 220 minutes, and 
1200 more degrees C - 1000 degrees C temperature field pass time is about 100 minutes. 
[0034] The volume density [ of the minute defect leading to / which was measured with COP and the 
infrared laser interference method (OPP) of a wafer which used this pull-up equipment and cut it 
down from the silicon single crystal ingot which carried out crystal growth / COP generating ], 
oxide-film pressure-proofing, and R-OSF's existence location was shown in Table 1. In these silicon 
wafers, the number of COP 0.13 micrometers or more is 50 (0.25 piece/cm2), and the number of 
COP of 0.1 1 micrometers or more is 100-piece (0.5 piece/cm2) extent, and the number of COP is 
reducing it as compared with the example 1 of a comparison. Moreover, as for the volume density of 
the minute defect COP and leading to COP generating, compared with the example 1 of a 
comparison, reduction is too accepted a little in about three three to 1.0xl06/cm of 8.0xl05-/cm. 
However, the number of COP which was realized by this invention also decreases the level almost 
near zero, or the volume density of the minute defect of a COP generating cause a single figure, and 
a proof-pressure property is also far inferior from the quality level whose rate of destructive surface 
ratio of 8.0 or more MV/cm is 60% or more. 



[0035] 
[Table 1] 
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[0036] 

[Effect of the Invention] The silicon single crystal of this invention or the silicon single crystal by 
the manufacture approach of this invention reduction-izes the minute defect which becomes COP 
and a COP generating cause notably compared with the silicon single crystal raised by the approach 
learned conventionally, raises device properties, such as oxide film pressure-proofing, and fits the 
wafer for devices with which it is the outstanding crystal which makes a components separation 
percent defective reduction-ize, and high integration will progress further from now on. Moreover, 
the silicon single crystal manufacture approach of this invention reduction-izes the minute defect 
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which becomes COP and a COP generating cause notably, and raises device properties, such as 
oxide film pressure-proofing, and the outstanding crystal which makes a components separation 
percent defective reduction-ize can be offered. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (c) shows the relation of the volume density of the minute defect used as crystal 
cooling conditions, and the surface density of COP 0. 1 1 micrometers or more, the generating 
situation of a R-OSF field and a COP generating cause, respectively. 

[Drawing 2] (a) and (b) show the result corresponding to total amount change of the point defect 
which constitutes the whole minute defective product leading to [ over the time amount at which a 
crystal stays change of the number of COP 0.1 1 micrometers or more to the time amount at which a 
crystal stays the temperature field 1300 degrees C or more at the time of carrying out crystal growth 
and a temperature field 1300 degrees C or more ] COP generating, i.e., the minute defect concerned, 
from constant speed. 

[Drawing 3] The CZ process silicon single crystal manufacturing installation which has the 
temperature controller 20 which anneals the crystal in the elevated-temperature field of 1300 degree 
Cor more of**. 

[Drawing 4] The CZ process silicon single crystal manufacturing installation which added 
temperature controller 30 another in order to anneal a 1 100 degrees C - 1000 degrees C low- 
temperature field to ****3 . 

[Drawing 5] The CZ process silicon single crystal manufacturing installation which added crystal 
cooling system 40 another in order to quench a 1 100 degrees C - 1000 degrees C low-temperature 
field to ****3 . 

[Drawing 61 The crystal cooling temperature pattern at the time of crystal pulling used in ******** 
and the example of a comparison is shown. 
[Description of Notations] 

1 — CZ process silicon single crystal raising furnace 

2 — Wire loop wheel machine 

3 — Heat insulator 

4 — Heating heater 

5 — Rotation fixture 

6 — Crucible 

6a — Quartz crucible 
6b — Graphite crucible 

7 -- Wire 

8 — Seed crystal 

9 - Chuck 
10-- Gas inlet 

1 1 — Gas exhaust 

20 — Temperature controller (crystal annealing equipment) 
30 — Temperature controller (crystal annealing equipment) 
40 — Temperature controller (crystal cooling system) 
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DRAWINGS 



[Drawing 1] 



COP 



(a) 




800 900 1000 1100 1200 1300 1400 
TemperatureC'C) 



(b) 
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(c) 
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[Drawing 2] 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for pulling up a crystal by 
which crystal originated particles(COP) and microdefects to be a cause of 
producing the COP are reduced in the crystal produced by the Czochralski 
method. 

SOLUTION: This method for producing a silicon single crystal comprises 
annealing a crystal in a temperature region of the melting point to >1,300° C 
for >400 min and pulling up the crystal (method 1), regulating the time for 
passing a temperature region of >1,350° C to <60 min in addition to the 
method 1 (method 2), carrying out the pulling up of the crystal under 
conditions so as to provide >0.13 ratio (v/G) of the pulling up speed (v: 
mm/min) to the crystal temperature gradient in the solidification interface 
(G: ° C/mm) in addition to the method 1 (method 3), annealing the crystal at 
<1.0° C/min crystal cooling rate in a temperature region of 1,100 to 1,000° 
C in addition to the method 1 or 2 (method 4) and quenching the crystal at > 
1.0° C/min crystal cooling rate in the temperature region of 1,100 to 
1,000° C in addition to the method 1, 2 or 3 (method 5). 
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*NSflWfclB. #^l£i£:Stf£ rj^ffl^lSj 5 7 3£. 1 

54ii. 1 9 8 8^) nmtmpucrttEa-rx. v im 

4M>t^it$cOTl»&l,>*&if,K:W IT. C O P fc«fc Cf C O 
P #££MH t tt &!M>fcR tm^iciSMT & (2 
^&L-ft*>ofc. £fc> R-OS FMiS^x^-Ert 

tCfcC^T. COPfciCfCOPHSyiHiftSSt/Jv^fiS 

[000 6] 

t, S^KCOP*J«fcCJ f COPJEI*JlHift-SSt^ffi 

■C^aLrt^^SP^AfeS. R-OS FM^lBft 
K#fitfx 9 ^gp-Crg^ L-C t» -5>$§ll£> 5WJR-0 
SF««36J>i»i^-fi'C;» , C?H5feLTIr>4C>*Sfi«:P8L. 
T. COP*»J:CfCOP«4JHHia*»/J ; ^B*«« 

s. 

[0 00 7] 

[gg!S*ft?&-r&rt:5>>©#|g] ilSBlftSriiJSirSfc* 
K^Kte^ttt, 9IJbtf4KDM»K:Hl/-C. tSSS 
a# 1 3 0 0 ■CJBUbOfiWgT?. 4 0 0 #J£U:©fiiJf S n 

iftfl=TisjBi±ifjaai*if5 (san. sew:, r 

- O S F ^fcifSax ? i?3$Jf tcfifc* L, C O P*5<fctf C 
OPI6fflRH©*^H*®j!-r4fc*K:»^*>61 3 
5 0 rattMMIM©aaW*m £60 a?ftR iU 1 

3 5 o "c~ 1 3 o o 'c<Dmgkmmm®&4 o o$wsu:« 

fihr-SSSJISLBf^T 5 (3«fffi2) . &&^«R-OS 
F I«*8Sx ? y gp^tc iSLCOPfe < tD : COPa 

(mm/flO & l/«HWffiTT©lia»ft*JlBG CC/m 
m) 4t4i*. v/G>0. 13£^^frf3l± 
"if, *>o 1 3 0 0 T^±©3Sa^W3£ffij®lS-SB#Ra 

#400 tuzx*) sag i {fiif *&g-r £ ows 
3) . s^tc. . usmi) &st,>t2 umz) 

(738:3) KftJ*."^ COPfcJ:tfCOPJ£i£MH©SjS 

/J>mb«k*3 e>fc/h$ < -f sfc«>&c. iioo •ca>6 

1 0 0 0 *C©SKKH©^iP2S ; £ 1 . o 'C/ft$mt 
WWW* C£i£4) . Sfc. CfiFttl) <* 
S2),**l>B Ofirffi3) KftlitT. COP*5«fc^CO 
P^S/SHoa/JvXPB-9-^ 6tc/hS < TZtciblc 
110 0 *C#>£> 1 0 0 0 •COSSKHW^SP^S?: 1 . 

o °c/#«±<t uters (#&5 ) . 

[0 00 8] *mWftmi ttl,»l/2fc^l,3fct»L5© 
*St?Sgjg-r 5 CiKcfc-^TO. 13m mtLL©*# * 

copj&JfffiEua^s/ya 6 n -s. . tit. 

%$&9&3& 1 tt<,» L 2 &t> L 3 &t,» L 4 U 5 ©#& 
KJcoT. !/'J =3>m B B B #6^JKfe«t:C>*«MJJDXL./c 
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Sx-rv-SEBKfc^-CO. 1 1 MmJy±©COP#0. 
li/cm ! J&lTr* 5 ~> y a >«t£ * £ . 
##i?9© 1 ~ 5 ©!££:£&£ S"./ =» ^IMSa* 

ic??&T -SCOP ?r»E2-r £ft/M£a^©#BH£Ktt 
5xl0Vcm' J5TFT$>>3. MSSBStftfOB* 

aww-iMtfMiMr*. etB©#{4<*» ( i cm a > ic 

*tL 1 0 1 2 nm* UlT-Cfe-SiiSfifS^SStcib^-C 1 
[0 00 9] 

[mw<D$m<Dmi&i) *mwmh\t. ?i_htf*©fsa© 

^j^£g^KKHbfc3*©£a£WJ&L.. gfc. 

■5x^-©COPiW©*Sc6r. ft»i«R*«S»)ig 

©*©*SHrat*SWS-*#tt. fc<fctf^1-U-1fT^ 
SK: J: D C O P#fc^B©»>J^«©ffl8SBK©*& £ 
ff-/X4) pJB#aiJ5E ICOP #6£1§>H iJiofU £f&/h 

20 ^Ri^^-r-&.^Ri©^« ; &pffi-r^ii^iiK:fci 

~3(,>T, COP4»<fcOfCOPI6£J8®£fcS»'Jvfce© 

±*f aK*s»cctt«ff±tt»* net o 3 u^rtr-fe 
&&$m b c o p*j £ c*c o p i a 

©^PSb^P^fc i C 5 , 0 1 fcm-?& *> tstegk t U 
itc. HI (a) K»0. 1 1 MmJK±©COP©ffig 
HI <b) KBR-OSFf^ffcfcCXSI- 
*7771», *Lt@l (c) eoikM-u— !f-T» 

30 micj:K> mm Ltcco ph^mh 1 1& zwMQ&oxm 
ss^-en-engi±tf *©ifes ©Mtss©ws:i it 

T^U-tO*. HI (a) teiCJf (c) ■fchWhfrtz&'i 
K. COPte«fcC> t COP^^JlHiasai/J^I«*«M* 
gtfnb^, 1 0* / cm 3 «Ttci£:3> 

■TftflE««tt 1 3 0 0 *C«±-C**. S^c, H 1 < b ) 
©XiKh5f<^7^*K:fet»r, Kj5*»6 1 3 5 0"C© 

&&®M*m$ s n/cgpaii, r - o s f {mfiwe Acp 

T. COP*5l»BCOP)&l6^S«4JDRHtac-Sa^ 
40 Xffi 1 3 0 0 •CJSLt©^**^ 

•C*4*t. 1 3 5 0"CJ!iLfci&»»Lr«f4iR-OSF 
«W*Wfi*'tfl8K?3P&r5J:5tctt4. HI 
( c ) fcfcl^T 1 1 0 0 *C~ 1 0 0 0 °C©SSSEH(C*$ 
t,^-C^Sa#Si!>^'5>©#^e.n. HI (a) T 
tt. I^SSffiBtC*jt,^-C0 . 1 1 ymJ£U:©COPffiS 
S©— ^6<j%«ii>i— RFffjr«citJn#s , .a&6*aS. o. l 
1 (im^XhCCOPIfgiS- ^WfCj^-T-SteSti 

0. 1 6 /xmJiu±©^*ttcop*aiftrr*t4*i— a 

50 J&SIR/J^IS^SSSrSCiJjSto^S. #ic. 
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JSSfiTS. 0. 1 1 um£Lb<DCOP©— B# 

»tt«tttt, /hSttcop»^jira»/wa63&sflEfiufc 

fP*"C*4 4**6*1*. CCO«*35p6. CCDSJg^iS 
<DteiI£^&£ C 4 CC «fc 9 C O P«^1HH t ttZWMK 

4»»TSCir, «/J^PBBf«*3 6KHS»S-SCi 

[0010] ±BB, 5l±JWJIC*j»*5l±»ttJfcO« 

6, H2Jca%riS**»te. tftbft, 02 (a) ttl 

300 °m±<D^mm*MM?&mii,<Dm&ftmtrcft 

?2>0. 1 1 /imti±(DCOP<3!)IS©^b^L, i 
2 ( b ) » 1 3 0 0 TJ!U±<Di^fiTO*^r 5»il<D 

Sfi^lBccStr £ c o p«£jkh 4 tt Sflk/hftRoltft 

2 *>693 6j&>& <fc 5 fc, 1 3 0 0 T;«±<DSgM«£ 4 

o o #«±a®*r s caa-otcop tttaa-tfa 

ffi©*at*ssa i fij«4>-r & c 4 a*** * . 
[ooi n«±©me>, copw^copsi 

SSSWttSKKBW: 1 3 0 0 o CJ£UfC 

R - O S F f i« f x 7 ^ 30 

Itt^cTl « B B B ©gMff«£(TOZo CD 

5 0 # CJ£J±&cr*4, ^^CCife^oTR-OSF 

*SHBK:*JL>T tt, R-OSF ««*lS»*'MFeflHfe 
3*&l>*fr4t/C 1 3 5 0 'CJM±©&#tf$[ffl«: 6 0# 
*SI*W*L/^Ci*s?8635Pittofc. R-OSFS« 
^■*i&»«c*t*rMffeUS:l^!l©Sfefl=i L/T, 5 Lb 
tfitg (v : mm/#) 4 !K@fKE<D#SSfiffi5Jffi 40 
(G : w C/mm) <pJtv/G#0. 1 3 <t D i>±% < ft 

SLBfSK (v : mm/#) i^HJ^DSJiaKSJSe 
(G : 'C/mm) Otbv/GKlioT. R-OSF^ifg 
4 C 4 fcM«B¥7 -2 5 79 9 1^ 

^cciaiisnrt^^ ^Kcc*$i>r». r-os 
F I»«H B rf«^:fc^rS* L ft i4£ A? l± 

[0013] C O P^Fi$«®JCD/c^CD®SfflJ(D^a^iP 50 
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^frWlt^ ^©MliW8 -2 9 9 3-5f£$g 

3*^3 < f £ C irSESi&sjitf 3WSa«:fi«r * C 4 

Ccteivctt, . l 3 0 0 -C£i±CDlSS^€:+^f otfe 
W« 110 0 1 0 0 0 •C©ffiSffi««$Cfct,»T<DSL 
«au£#l. 0 -C/^ifit C O P *J J: C O P*4 

l^Jtifc. 3 6fc, 1 3 0 0 •C£Lb©ieia»?&«r+« k 
KtT otfc^lt 1 100'C-IOO O'COflgaKffliS 

cctei^T i . o 'C/^&ro^mx^^n 5 ctic£ 
o^c#acop^/SH4&sa/i^BttRRfi'&"r, t? 

/Co #»K© 1 3 0 0T:«±<D+#&^&&4 

1 1 0 0 1 0 0 0 -COGKftffittOftft (^iPMg 

#1. o*c/#£U:) tii^fowciw-jrco 

sctttf5*rfc&K l l o o*c-i o o o°c<ds 
»»aB»*l. 0°C/^*ifficD^cD 
ii^COPW^COP JKH t&5 »/J^KO« 

**<fccf c o p«*j!ra©a/j^cB*a*fi«s-&s«i* 
ik:cop *s <t o*c o pmbs t & z&LfrXK<omwi 

cfc C O P ARB <Z>fiM^R8 CD1^^X^fi«$i±4^ 

[0014] ISft5l*±tfjPrt(Cffl 
fiWIlBWMBSBWU 1 3 0 O'CHiOMHSifctoli 

O P feet o*c O P»*JHH t 

[0015] 3WW*tt2TB l 1 ©fftflfcfll*. 
r % R-OSF ««*5J»a*'^ffl!lK:A 0 iA* ttt^ «fc 5 CC 
TZtc&lC 1 3 5 0 e CtLb0^aMi|g^51®T4B#r a 1^ 
6 0»*ffi4*r^o 

[0016] *»w*j£3 rtt, *a i (Dftmtcmz. 

r, R-OSF ««*sfefi*^«JK:A Oii* ^c^cfc 5 k: 
rS/cftCCSIi-tfilK (v : mm/#) i^S^MCDM 
b1SS^S5 (G : 'C/mm) (DJtv/G^O. 1 3 i: K> 

*-5ir>tt^ffi3©fpffitcfln^T, se»fccop*jct»c 

OP«ayraitt&*/J^JB*tt*iS»S*4fc«>K: 1 
100 *C2p 61000 0 C(DSS^^:$gBl^S33ta 1 . 

[0018] *^S5T«M 1 *4l^«&ffi2 * 
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Pftg^kftZm't^^lfJ X*1Stt2-&Ztc8>iC 1 

looweiooo •cos&mM^m^&^m. i . 

[0019] 

*R9!*s c ft £ oXStfflCDIBtttc J: -> r *o» 3 ft S fe© 
-C&l>t k i£E *> * T?4>&C». 
[0 0 2 0 ] SOfcWKitefc*. ##E9IR:±9Jteftl/fci' 
y 3 >#Sg a ^© COPfciOtCO P^4lH £ a SSSW 
KB. $6KR-OSFSf«©W*i©fFffi5#i£. Sfcf 10 

[0 02 DCOPB, tiauteiiat^i^-jnixL 

SiSW^a. T >■=£•=■ T : ifi&'ffcTkfR : *= 1 : 1 : 5 

osc- iffi$mvm&Ltc&. u-jf-A-f^* 

XttA--f^^i*LCOPiOTO^ 
R5©#©flsgi?&££f«r ^?c*(C S C - 1 SfcM^-f- 
7v *^/«3E* 1 0BilD£U ^©it##>6#SSg 
*#aMfc. COP^tilHtasSi/h^ti. 

IfT^iCfc-SS'J^SIS (OPP : Oxygen Precipitate 20 
Profiler) (t«fc»J?&gL X£ff8'J Lfc. R-OS 

a&Kiio o-crs{i:#is*r9 ofrmtmh. x* 

[0 02 2] K{bJSWEEtt^MSnX%JSLfc->y =J>^ 
s-^K^±(CMOS^-f F&&$U 1 0 0 0'C 
<D&mm.mWMM<p-eBl8.2ti-tc2 5. On mO-K'ffc 

j^RBtr***'- nwfctt mmmitm) 

a?£#l nA/cm 2 ©Bf©y- 30 
WSf^S'JSbfc. -€-©^«|?*S8. 0MV 

mm-tt 8 . 0 M V/ c mJULtTWiSW S ( C *- F9M 

mos $4 F<Dm&<?ym.&< l ctt-rzm£& 

y => > x — ^^^rfStEE^ &©ffiftfafg B VCi&-5. 
[0 02 3] «TtC 8B««te iCfJteW*®'**^ 
!l±tfwfi£L/cite B B B ©f±1i«, pI (>KP>F 

-^') . : 6 -f >^JS (ffiSl 6 0 mm) . lEftx 40 

$: 10.Q • cm, : 8 . 5 ~9 . 5X10 

1 7 a t o m s /c m s ( H^S^ItlMB^tC,}: S 

i»i«ias»««*fflv>-c«H) . mm&m. •■ < 1 . o 

X10' ' atoms/cm 1 ( B #11^11112121©^ 

[0 024]«ltc. 3p:^W©H^ 1 frhmMms . 

-'■f-'r-f ^Jt^-^^-LS 6 0 0 OT'gilllfcCO' 
P. fStff-U— »f=R££ (OPP) KTfta'JL'/cCOP^ 
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?f,kr-osf ©#ft[4g*n^n©aijsfem©$ £ 
[0025] rnmm 1 

4fcoT*n»ar»cciR3esft4«>er>-c«sc<'. #«^M 

*x U 3 >#l£iiiSg£Sg©#®«, *§JI&iP 
iBtt*jJ:Cfatt-'"5*->*JH6>tJ (%KM1 ) ©<k-5& 
5l#±lfSfefr. ttfi5l*±tf«5f3-Cl 3 0 0-C«i©iS 

sus* 4 o o #£Lbe» l, rtt»**aaT * «t 5 a»» 

mm t - $ & i***^-? « s . 
[0 02 6] eogK&ffiJBLt:. JWT©*#-c->y 3 

Lfc i )i-«ocoPfe«fcc;^u- tf^^a (OP 

P ) tcrttaj 0 fcC O P%£J1H k & £3&/Jv*ffi©#a 

bmubhe. r - o s f (DtrntiLmzm 1 l 
tc 0 cne>©-> i J3>->i-/N{ct>i>ttt, 0. 1 3 u 

mtLL©COP«:-fe*u U^;l/-C, 0. 1 1 Mmti±©/h 
$&COP£^2fc>T*>#Jl Oil^S (0. 0 5I/cm 

fc. copfc«tcfcop»^Hia4»/jN^dB©»ai 

mm.it 1. Oxio 5 /cm" tiT-C^J!) lffii$ 
SKfeUTB 1 3 5 0 °CJW±©^i%©Sl!)m©fcs5(CR - 

0 s Fi^fx v %>fr*>wmcx-3-z^z,* 
[0027] mmmi 

mmm 1 ©^g^fflc^r. «T©^fr-c-> y =i>*e» 
mmmz) ©«t5a?i*±tf*fF. -r^cto^i 350 

•C«±©fiSffl«©il®^F^«6 0^*?i-C**Sd5, 1 
3 5 0 "C~ 1 3 0 0 •CdMSSSLVmi 4 0 0 ftm&M 

Aocopfc.tO'Mu-ifTia (opp) (t-csf«'j 

1/fcCOP A^MB k tt 5 St/hXRi©fta«flt SMfcR 
BEE. R - OS FCffSfil^ 1 K^Ofc. Ctie>© 

^y 3>-?i-AKtei>t:fe$teMi o. 13 

MmJy±©COP«a{S-fe'OU-<Jl'-C, 0. 1 1 umiil 

±©/hS^cop%^a6rfe2 offl (o. i[@/c 

S„ S/c. COPfcJ:CfCOP»flyRHittS»/WCBI 
<DWm&Wct 1 . oxio'/cm; u^;i/-r^#{c{£ 

**tft«:*it»-CB: 1 3 5 0 -^±©^^183*6 0^-* 
<Hi LtctclblC R - O S F fSi^ttMH -f>=fy|-xsr^ 
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[0028] mMm3 

Zni&vtco 3[±tf5lKv (mm/#) igi^iro 

^fflflOSS^ieG CC/mm) <Ditv/G#0. 1 3 
cfc9*^<fr£J:5K:i^Co Tfttoft, 
TligiSI*C(DeB B Bfig^iB«^ 1 . 8 •C/mmt, 
3LBfi»gv£0. 6mm/^CgSl (C<E>»£v/ 
G=0. 3 3) iejl3l±tf£»fcU/c 0 3 130 
0 *CM±<DOlfeikU&$mZ 4 0 0 #HSMJi U *$> r> < 

d©5t#3 3 ) r\ mmm i cot^r ? [±# s^wtfxo 

5 SS^JI2^^^W J: 9 2 6 &c/h$ < Ltc 9 . 
^^^cl/ct/^^^x-AOCOP^ i^OilU 

(opp) ic£V3t&tccop§z^mttez>dk'i^m 20 
v^>^x.-^{ l c^xi>m^mi, 2tmm. 0. 1 

3 //miU±CDCOP«^-<fnu-<;b'C, 0. 1 Um 
#±CD/jN$ftCOP£^i&Tfe2 Offl (0. l(|/cm 

COPte<fcCfCOP»^JIRHitt4a/J^RI©* 
SSSte l . oxioVcm 3 i/<;bti^c®S? 

fifc *y t, » r 12 R - O S F mmtiSiL -Odty hx-yisJ: 

[0 02 9] 

$ i ioo°»e>iooo xi(DffisaismKf> 1 . 

0 XI/»KT©»aJa*"C»?&r SfcACcH 3 tc^L/c 

S4 J: 9 cc»ffcK^*&t^jinaaai*ia«Ltt < 

H3 6WftflBW»iaB«:±*, -rtctoft»JlfiB»s 

l\ 1 3 0 0 •CJ£Lb®*SSffl£ffl«S: 4 0 0 ^6l±«J# 
L/cm, £6^1100 °C2»6 1 0 0 0 °C©zSgM^£ 
1. 0 o C/»J^T©^SST'^UM^?[±tf^f^ 

-^©COP*. «0SU^CC«J:0*«&yfcCOPfta 
*J*. MU- tf-T»ffi (OPP) CC<fc9*ftteCO 

te, 0. 1 3 /imtLtCDCOPfcO. 1 1 /imJWJLO/h 
34COPfel01(0. 0 5<l/cm 2 ) &CF~cm% 50 
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M^f L^c U*L«T#i&* 110 0*0^6100 0 
TOI»WS»«:J:0a. 1 3Mm«±(D*£ftCOPCD 
^O^m&FlbftZtO&ftWCC&Zc COPfc 
J:CfCOP»fi^itt4«/J^I6©(tai«Sfc5. 0 

— 8. oxioVcm 3 u^ji>r«feffi< 

fel^TttR - O S F 4 >=f fhX7 S?* 5 1» 

^WC«i 5 &c^t J: ^ ^gj^g?:i^/c 0 1"ft 

toft. »»«ifc<fei^3t^byaR^«^»^r, 
3 etc i i o o •ca>e> i o o o 'cco&mmmm^ 1 . 
o x;/»jtu±©J ! &aiia['cj&ai-r */c»{ch 3 (t^istc 

^«i5l±tf^©«ft©IB*jjeh**H»^x (# 

<D J: 9 ttHJB«a*Sl^ 1 3 0 0 T^<D*§fiffll£« 
*S£ 4 0 0 #£LL«JSLfcft. S 6«l 1 10 0 'C*>e> 1 
0 0 0 'CO^M^S: 1 . 0 °C/#jy±0te3JSgr*£ 

f^^i3/cl/c^x-A(7)COPE JgflilLifeiiHC 
J;0WcCOPft:afg, SSJ1-U-ir-T#ffi (OP 
P) 6c±0^fcCOP»SHHitt4a4^CB«K, 
MftJBBEECMBJEIg*. Slfc^T. Cti^>yn> 
«5*w\cc*5^r«. 0. 13//ma±©COPtt^P 
"C, 0. 1 l/zmtt±CD/jN?^COPfel Of (0, 0 
5fl/cm 2 ) &TF^&mi)&*mL\,>. COP 
J: tfC O P^ili £ ft S»/h$M<D#TOfKfc 1 . 

ox io 5 /cm 3 u^ursstcffiffij&s'fiiatsnrci 

[0 03 1 ] JtlSW 1 

«i rffl^«H^«iH»fceafiS*Kg*ffli*te. 

O ft i$ feS^SBOSiJ J: * - > »H 6 

* (tttWIl) ©J:5ft5l*±W*fr, "T ft toft, g H B H 

5i#±wrtr i 3 o owxtvsmmmscemztiz 

B$r^«4 0 1 2 0 0 •CfiLBcffiJ#Sft£B*IH 

s o ^^g-c ^> j: 5 ft muftmg&zmm? & z *> 

WLmftmgzSzm&L, 3 *>IC 1 2 0 0 "C- 1 0 0 0 °c 
©ss««a«RFHi^ 8 o #gg-c& ^> <fc 5 ft-> y 3 > 

^ Ki£g $ n/c^&ft i*©BBift«a»^>afl» t - ^ ft £ 
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tk®fil©S B ^±P^" * - > ». lKffi.mm<D'&tfiB$fflt>i 1 

[0 03 2] C©5l±tf««*ttfliOT. gf B ML/?t 

OP4»J:iysS«-U— *fT»ffi (OPP) CCTfHBLfcC 
O P#££HB <t a 4«/J>WB©«fll«*. BMtBGHE. 

i^x-^cijl^TW:. 0. 13^ma±©COP«2 
0 0 0<l/cm 2 )r-. 0. 1 1 u ml^±<D/h 
3ttCOP*d«>*£5 0 Offl (2. 51/cm ! ) g 
St***. COPteACXCOPSayRHittift 
/JvKRS©f*«t;Stt 1 . 0 x l 0 6 / c m a m&&2>* 
ififfiiRftett. -&©#14©JI^-C4)-2>8. 0MV/cm« 

cnttibmtcDi&mz. ^m<ommmidt^<x co 

P©Mfc*J<J:0'SS. *Sl>llCOP^4)lli!i-,t 
[0 0 3 3] tt.«eM2 
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if*fr. -r 1300 •c«±©se«nt ; &jiM-r5 
b#r3# i 2 o&m&-e> 1200 •GJw±ose^«c« 

fS£ft£Bi?|g#2 2 OfmgX&K). SP>K1 200'C 

~ i o o o 'cow&mMM&smw i o o frm&.~c&z 

[0 03 4] £<Z>3l±tf8«*flBBU-c; 

y 3>^Jg a ^ W >=f y h frh® <0 tc LtcO x -^©C 
OPtei^l'- if^F^S (OPP) K-ctf-goufcc 
io OP^MHi&SScW^RSO^SfgS. K-fbMBBE. 
R-OS F<D&&&&$:&1 tt^b/c. Cn6©->1)3 
>-i7i-/MICfe^-Ctt. 0. 1 3 /zmJ£LL©COP«5 
0[I (0. 2 5f/cm ! )T, 0. 1 1 wmt(±©C 
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